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EXECUTIVE  SUMMARY 


The  Tabor  Creek,  Nevada,  portion  of  the  Livestock-Fishery  Interaction 
Studies  is  an  intensive  effort  to  monitor  and  evaluate  the  effects  of 
continuous  and  rest-rotation  grazing  and  complete  rest  on  aquatic  and 
streamside  habitat  and  fish  populations  of  a representative  Great  Basin 
stream. 

Streamside  and  aquatic  habitat  conditions  rested  within  an  exclosure  for 
several  years  were  consistently  superior  to  adjacent  seasonally  heavily-grazed 
areas.  These  differences  were  presumed  due  to  the  rest  from  grazing,  though 
pre-exclosure  data  were  not  available  to  quantitatively  determine  pre-rest 
conditions.  Trout  populations  within  the  rested  stream  section  were  not 
necessarily  larger  than  outside  despite  apparently  better  habitat.  The 
reasons  for  this  are  unclear,  but  stocking  and  angling  are  suggested  as 
possible  influential  factors;  however,  sculpin  populations  suggest  the 
influence  of  some  unidentified  but  overriding  superior  habitat  parameter  in 
one  of  the  grazed  areas. 

A new  exclosure  around  one  of  the  grazed  sites  was  completed  in  1982,  and 
rest-rotation  grazing  was  initiated  inside  the  previously  rested  area.  The 
new  exclosure  was  not  completed  in  time  to  prevent  grazing,  so  no  immediate 
effects  of  rest  could  be  evaluated.  Grazing  inside  the  previously  rested 
area,  however,  appeared  to  have  immediate  impacts  on  streambank  vegetation  and 
structure . 

Additional  and  more  conclusive  evaluation  of  these  various  grazing 
treatments  will  become  available  as  data  for  time  trend  analysis  accumulates. 
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PREFACE 


This  report  is  the  fourth  in  a series  of  progress  reports 
results  of  the  Livestock-Fishery  Interaction  Studies  on  Tabor 
and,  although  it  is  intended  to  supplement  Progress  Reports  1 
and  others  1980;  Platts  and  Nelson  1981),  it  is  also  designed 
independent  document.  The  reader  may,  however,  wish  to  refer 
progress  reports  to  gain  a more  thorough  understanding  of  the 
study. 
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INTRODUCTION 


There  are  1.9  billion  acres  of  land  in  the  48  conterminous  United  States, 
of  which  some  1.2  billion  or  63  percent  are  rangelands,  and,  as  of  1970,  69 
percent  of  this  acreage  was  grazed  by  domestic  livestock.  Although 
representing  relatively  little  acreage  themselves,  streams  of  various  sizes 
traverse  this  vast  area.  Unfortunately,  they  have  often  been  ignored  in 
rangeland  planning. 

The  various  classes  of  livestock  utilize  the  range  in  different  ways, 
necessitating  different  management  practices  to  increase  the  compatibility  of 
each  class  with  riparian  and  aquatic  habitat.  Cattle,  for  example,  will 
congregate  on  lesser  slopes  and  bottomlands,  while  sheep,  which  are  less 
dependent  on  water,  usually  favor  steeper  slopes  and  upland  areas.  Since 
sheep  are  also  usually  herded  whereas  cattle  are  not,  management  techniques  to 
keep  watersheds  from  being  significantly  altered  differ  between  these  two 
classes  of  livestock.  The  commonly  used  cattle  management  techniques  are 
suspected  to  be  less  congenial  than  those  used  with  sheep  and  are  therefore 
the  focus  of  this  study. 

Since  the  riparian  zone,  which  forms  the  interface  between  the  aquatic 
and  the  drier  terrestrial  range  ecosystems,  is  disproportionately  important  to 
both  systems,  application  of  effective  management  to  this  ecosystem  is 
critical.  Because  of  soil  moisture,  soil  fertility,  and  related  factors,  the 
riparian  ecosystem  is  more  productive  than  the  drier  upland  range,  and  its 
vegetation  is  more  palatable.  Coupled  with  this  are  other  riparian  features, 
such  as  gentler  terrain,  increased  shade,  and  drinking  water,  which  add  to  the 
attractiveness  of  this  zone  to  cattle  and  can  lead  to  preferential  use. 

The  riparian  zone  also  provides  vitally  important  fishery  habitat 
components,  largely  a result  of  streamside  vegetation.  Overhanging  vegetation 
and  undercut  streambanks  are  an  important  source  of  protective  cover,  food, 
and  shade.  Shading  prevents  water  temperatures  from  rising  or  fluctuating 
drastically,  which  can  lead  to  shifts  in  species  composition  from  salmonids  to 
more  tolerant  species  of  non-game  fish  (Platts  in  press).  In  addition, 
detritus  formed  from  terrestrial  plants  is  a principal  source  of  food  for 
aquatic  invertebrates  and  ultimately  fish  (Minshall  1967).  Streamside 
vegetation  also  serves  as  a barrier  to  terrestrial  pollutants  and  controls 
water  velocity  and  streambank  erosion.  Since  these  features  are  all 
susceptible  to  damage  by  grazing  animals,  the  needs  of  the  indigenous  fishery 
and  the  stockman  can  conflict. 

Presently,  there  is  an  unfortunate  dearth  of  factual  information 
regarding  the  impacts  of  livestock  grazing  on  riparian  and  aquatic  ecosystems. 
As  yet,  only  limited  research  has  been  directed  toward  lessening  these 
impacts,  though  the  constant  increase  in  range  use  by  cattle  since  the  late 
1800' s has  generally  degraded  rangelands  and  led  to  altered  riparian  habitats 
(Platts  1978).  The  resulting  controversy  surrounding  the  use  of  public 
rangelands  by  livestock  and  its  potential  conflicts  with  fishery  needs  has  led 
to  the  emergence  of  livestock  management  as  a national  environmental  issue 
(Leopold  1975,  Platts  1978). 
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Working  in  this  information  vacuum,  fisheries  biologists  have  intuitively 
hypothesized  that  grazing  of  the  riparian  zone  can  significantly  alter  a 
fishery.  Such  alteration  is  believed  to  occur  through  physical  modification 
of  key  stream  features.  Such  changes  as  increased  channel  breadth,  decreased 
depth  and  pool-riffle  ratio,  loss  of  vegetative  and  structural  cover, 
accelerated  bank  erosion  and  sedimentation,  and  increased  water  temperature 
are  expected  to  modify  the  character  of  the  fishery.  These  changes,  however, 
have  yet  to  be  sufficiently  evaluated  and  identified  for  routine  inclusion  in 
management  strategies.  Additional  studies  that  will  provide  solutions  to 
these  potential  problems  must  be  conducted  (Meehan  and  Platts  1978;  Platts 
1978)  . 

Against  this  background  of  limited  information,  it  should  come  as  no 
surprise  that  little  help  can  be  given  the  land  manager  in  determining 
alternate  strategies  in  situations  where  livestock  are  known  to  be  exerting 
undue  stress  on  the  fishery.  Valid  analytical  techniques  for  assessing  the 
magnitude  of  livestock  impacts  have  yet  to  be  fully  developed.  Without  these 
tools,  it  is  difficult  to  determine  whether  change  in  grazing  patterns  are 
indicated  and  what  strategies  should  be  implemented. 

The  Tabor  Creek  study  is  part  of  a comprehensive  program  to  develop  and 
test  an  array  of  field  techniques  which,  when  coupled  with  computerized 
analysis,  will  accurately  identify  the  complex  interactions  that  occur  between 
different  grazing  intensities,  grazing  systems,  classes  of  livestock,  and 
fish.  Field  studies  are  currently  being  conducted  on  11  sites  in  Idaho,  3 
sites  in  Nevada,  and  3 sites  in  Utah  (figure  1).  The  Idaho  studies  monitor 
impacts  to  streams  in  moist,  forested,  high  mountain  meadows,  while  the  Utah 
and  Nevada  studies  monitor  impacts  to  streams  in  the  more  arid,  sagebrush-type 
meadows.  These  studies  are  structured  to  allow  time-trend  analysis  of 
livestock  impacts  on  streams  and  will  help  the  land  manager  select  grazing 
systems  that  are  as  compatible  as  possible  with  fishery  needs. 

This  progress  report  deals  exclusively  with  the  Tabor  Creek  Study,  which 
has  the  following  objectives: 

1.  Determine  the  rehabilitation  potential  of  Tabor  Creek  based  on  past, 
present,  and  future  use  strategies. 

2.  Evaluate  the  efficacy  of  excluding  livestock  from  the  riparian  zone 
by  studying  protected  habitat  within  fenced  exclosures. 

3.  Evaluate  the  continuous  (season-long)  grazing  system  currently  in 
use  along  Tabor  Creek. 

4.  Evaluate  a newly  initiated  rest-rotation  grazing  system  on  the 
riparian  and  fishery  habitat  of  Tabor  Creek. 

5.  Make  recommendations  as  to  the  optimum  grazing  strategies  relative 
to  use  and  protection  of  riparian  forage. 
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Figure  1.  Geographic  distribution  of  Livestock-Fishery  Study  areas  in 
the  Intermountain  West. 


3 


STUDY  AREA  DESCRIPTION 


Physiography- 

Most  of  the  state  of  Nevada  lies  within  the  Great  Basin,  a vast  semi-arid 
region  of  western  North  America  that  is  largely  isolated  from  the 
moisture-laden  air  masses  of  the  Pacific  Ocean  by  the  Sierra  Nevada  and 
Cascade  ranges,  and  from  continental  influence  by  the  Rocky  Mountains.  Known 
as  the  Basin  and  Range  Province  by  geologists,  it  is  an  area  of  parallel 
fault-block  mountain  ranges  and  intermontane  basins  in  an  approximately 
north-south  orientation.  Most  streams  are  ephemeral  or  intermittent,  and  few 
drain  to  the  sea.  Erosion  of  the  mountains  has  been  retarded  due  to  the 
shortage  of  precipitation,  though  the  intermontane  basins  are  generally  filled 
with  soil  originating  in  adjacent  ranges.  Because  of  the  poor  drainage 
conditions  of  the  Great  Basin  and  the  high  evaporative  potential,  such  soils 
typically  contain  high  levels  of  accumulated  salts. 

In  northeastern  Nevada  this  regular  physiographic  pattern  begins  to  break 
down.  This  is  the  transition  zone  between  the  Great  Basin  and  the  Snake  River 
and  Columbia  Plateaus.  The  mountains  in  northeastern  Nevada  typically  do  not 
exhibit  the  characteristic  fault-block  structure  and  north-south  orientation, 
but  are  instead  dome-like  and  irregular  with  considerable  volcanic  character. 
In  contrast  to  the  extensive  lava  plains  to  the  north,  which  are  generally 
downwarped,  this  region  is  unwarped  and  more  highly  dissected,  possessing  well 
developed  mountain  ranges. 

This  region  comprises  the  headwaters  of  several  of  the  principal 
tributaries  of  the  Humboldt  River,  one  of  Nevada's  few  major  rivers.  Mary's 
River  and  the  East  Fork  of  the  Humboldt  River,  which  drain  the  watersheds  of 
the  Mary's  River  sub-basin  of  the  Humboldt  River  Basin,  converge  at  Deeth, 
Nevada,  to  form  the  main  Humboldt  River.  The  river  then  winds  its  way 
generally  westward  to  empty  into  the  Humboldt  Sink,  a remnant  of  ancient  Lake 
Lahontan,  in  western  Nevada. 

The  Mary's  River  Sub-basin  comprises  about  469,800  acres  and  includes  all 
the  drainage  areas  of  the  tributaries  of  Mary's  River  and  the  East  Fork  of  the 
Humboldt  River  (Fig.  2).  Topography  is  variable  and  includes  mountain  peaks 
with  elevations  of  over  10,000  feet,  valley  highlands,  and  stream  bottomlands. 
Four  mountain  ranges  form  the  highland  boundaries  of  the  sub-basin:  the 

Jarbidge  Mountains  and  the  Snake  Range,  which  give  rise  to  Mary's  River,  its 
tributaries,  and  Tabor  Creek;  and  the  Burnt  Creek  and  East  Humboldt  Ranges, 
which  give  rise  to  the  East  Fork  of  the  Humboldt  River  and  most  of  its 
tributaries . 

Vegetation  and  Climate 

Severe  climatic  conditions  prevail  over  much  of  the  Intermountain  West 
and  northeastern  Nevada  is  no  exception.  Precipitation  is  sparse,  winters  are 
cold,  and  summers  are  hot.  Precipitation,  which  averages  only  8 to  9 inches 
at  middle  elevations,  falls  primarily  as  snow  during  winters  in  which  the 
minimum  January  temperatures  average  only  about  12  F (-11  C) . The  growing 
season  is  short,  only  about  3 months,  and  evaporation  exceeds  precipitation. 
Summer  maximum  temperatures  average  as  high  as  85  F (29  C) , with  minimal 
amounts  of  rain  falling  during  this  period;  useable  water  during  the  growing 
season  is  chiefly  derived  from  melting  of  the  winter  snowpack,  and  is 
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Figure  2.  Location  of  Mary's  River  Sub-basin  and  the  Tabor  Creek  study  area. 
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supplemented  by  springs  of  water  originating  in  other  watersheds.  On  poorly 
drained  soils,  water  stress  is  even  greater  because  of  accumulated  salts.  The 
resultant  vegetation  is  largely  restricted  to  xerophytic  or  halophytic 
communities,  though  the  narrow  streamside  riparian  zones  support  small 
mesophytic  communities. 

Ecologically,  this  region  is  part  of  Bailey's  (1978)  Intermountain 
Sagebrush  Province.  As  suggested  by  the  title,  big  sagebrush  (Artemesia 
tridentata)  is  the  dominant  plant  over  many  acres  of  range  and  frequently  has 
a sufficiently  well-developed  grass  understorv  to  be  considered  a 
sagebrush-grass  vegetation  type.  This  is  the  vegetation  of  the  upland  range 
where  plants  are  adapted  to  xeric  conditions  on  well  drained  soils.  Though 
sagebrush  is  relatively  useless  as  livestock  forage,  bitterbrush  (Purshia 
tridentata)  is  a common  and  palatable  associate  shrub.  Desirable  perennial 
bunchgrasses  have  been  largely  replaced  in  northeastern  Nevada  by  such  less 
desirable  increasers  as  bottlebrush  squirreltail  (Sitanion  hystrix)  and  the 
annual  cheatgrass  (Brornus  tectorian) , though  Sandberg  bluegrass  (Poa 
sandbergii)  is  still  common. 

In  the  bottomlands  and  along  the  edges  of  semi-wet  meadows,  phreatophytic 
shrubs  such  as  rubber  rabbitbrush  ( Chrysothanmus  nauseosus)  gain  importance. 

As  alkalinity  or  salinity  increases,  even  rabbitbrush  gives  way  to  greasewood 
(Sarcobatus  vermiculatus)  and  saltgrass  (Distichlis  striata). 

The  chief  shrubs  of  the  riparian  zone  at  middle  elevations  are  willow 
(Salix  spp.)  and  wild  rose. 


Agriculture 

Elko  County  is  largely  rural,  and  livestock  production  is  the  principal 
industry.  Sheep  and  cattle  have  both  been  important  historically,  but  cattle 
have  largely  replaced  sheep  in  recent  years.  The  cattle  industry  is  so 
important,  in  fact,  that  in  1961,  62  percent  of  Nevada's  saleable  cattle  were 
produced  in  Elko  County  where  86  percent  of  the  grazing  land  is 
federally-owned  (Patterson  and  others  1969). 

The  Mary's  River  Sub-basin  follows  this  pattern,  with  livestock 
production  being  the  most  important  industry.  As  is  typical  in  the 
intermountain  region,  however,  the  fertile  floodplains  and  bottomlands  are 
generally  privately  owned  and  cultivated  for  crop  or  hay  production.  Since 
this  hay  is  primarily  produced  for  use  as  winter  livestock  feed  and 
cultivation  removes  land  from  use  by  livestock,  the  less  arable  federal  lands 
are  needed  to  provide  spring  through  fall  forage.  As  a result,  the  use  of 
public  domain  lands  is  a locally  important  economic  issue. 

Tabor  Creek  Exclosure 

In  1968,  a fenced  livestock  exclosure  was  constructed  on  Tabor  Creek  near 
the  northern  limit  of  the  Tabor  Creek  field  (Fig.  3)  to  protect  sage  grouse 
(Centrocercus  urophasianus)  habitat  from  livestock  damage.  Prior  to  the  fall 
of  1976,  however,  the  gates  were  left  open  and  grazing  was  essentially 
unrestricted;  since  closing  the  gates  in  1976,  no  known  grazing  has  occurred 
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within  the  exclosure.  This  structure  now  serves  also  as  the  protected  habitat 
for  this  livestock-fishery  interaction  study. 

Construction  of  an  additional  exclosure  around  site  1 was  begun  in  1981 
and  is  expected  to  be  used  to  rest  riparian  habitat  in  that  site  beginning  in 
1983. 


THE  SITUATION 
Range  Habitat 

The  land  surrounding  Tabor  Creek  is  semi-arid  shrubsteppe,  typical  of  the 
cold  desert  biome  in  North  America.  Topographic  relief  is  variable  and 
includes  mountain  peaks,  hillsides,  and  stream  bottomlands.  As  is  generally 
the  case  in  ecosystems  controlled  by  abiotic  factors,  the  plant  and  animal 
communities  are  relatively  simple  and  dominated  by  a few  abundant  and 
well-adapted  species.  In  this  case,  the  hillsides  surrounding  Tabor  Creek 
support  an  almost  uniform  stand  of  big  sagebrush,  a woody  shrub  of  relatively 
little  value  to  livestock,  with  lesser  amounts  of  bitterbrush  and  rabbitbrush, 
as  well  as  greasewood  on  especially  alkaline  or  saline  sites.  Growing  among 
these  shrubs  are  the  various  grasses  which  provide  the  principal  forage  for 
livestock.  Today,  these  grasses  are  primarily  represented  by  Sandberg 
bluegrass,  a Palouse-type  grass,  cheatgrass,  and  bottlebrush  squirreltail 
though  at  one  time  bluebunch  wheatgrass  (Agropyron  spicatum) , Idaho  fescue 
(Festuca  idahoensis) , both  typical  Palouse  prairie  grasses,  and  Nevada 
bluegrass  (Poa  nevadensis)  were  the  most  important  understory  grasses. 

Big  sagebrush,  though  undoubtedly  an  important  component  of  the  natural 
climax  vegetation,  may  not  naturally  be  the  dominant  that  it  now  is. 
Considerable  evidence  exists  which  points  to  grazing-induced  vegetation  shifts 
as  the  cause  of  its  present  dominance  over  much  of  the  western  range  (Bailey 
1978;  Hull  and  Hull  1974;  Christensen  and  Johnson  1964;  Christensen  1963; 
Stoddart  and  Smith  1955;  USDA  1936).  Christensen  (1963),  in  fact,  reporting 
on  undisturbed  stands  of  grasses  dominated  by  bluebunch  wheatgrass  in  central 
Utah,  states  that  in  areas  protected  from  grazing  sagebrush  is  rarely 
dominant.  From  such  evidence,  it  seems  likely  that  even  in  northeastern 
Nevada  much  of  the  land  now  dominated  by  sagebrush  would  be  climax  grassland, 
possibly  Palouse  prairie,  in  the  absence  of  grazing. 

The  climax  vegetation  of  an  area  can  be  expected  to  be  better  adapted  to 
ambient  conditions  than  other  associations,  but  with  disturbance  another 
species  composition  may  be  favored.  With  selective  grazing  on  the  palatable 
bunchgrasses  relative  to  sagebrush,  the  normal  successional  process  can  be 
disrupted  in  such  a way  that  sagebrush  becomes  the  dominant  species.  In  an 
area  that  has  been  historically  heavily  grazed,  this  shift  toward  sagebrush 
dominance  should  be  expected,  as  should  be  the  invasion  or  proliferation  of 
other  species  favored  by  grazing  conditions.  One  such  grass  is  the  increaser 
cheatgrass,  which  is  common  in  Elko,  County,  and  is  a relatively  undesirable 
annual  grass.  Through  these  processes  the  quality  of  the  range  deteriorates 
in  response  to  grazing  pressure  and  the  big  sagebrush  type  is  maintained  as  a 
grazing  disclimax. 
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In  order  to  control  this  retrogressive  succession,  various  management 
techniques  have  been  devised.  These  include  herbicide  applications  and 
burning  to  reduce  brush,  as  well  as  various  pasturing  techniques  to 
selectively  reduce  grazing  pressure. 

Riparian  Habitat 

Within  the  sagebrush  ecosystem,  riparian  zones  are  frequently  narrow  due 
to  the  semi-arid  conditions  of  the  surrounding  rangeland.  They  are,  however, 
much  more  productive  than  drier  range  sites  because  water  is  less  of  a 
limiting  factor.  Vegetation  in  this  zone  is  a mesophytic  type  (Fig.  4)  which 
includes  such  shrubs  as  willow,  wild  rose,  and  rabbitbrush;  grass-like  sedges 
and  rushes,  which  are  of  limited  value  to  livestock;  while  saline  or  alkaline 
areas  may  support  greasewood  and  stands  of  palatable  saltgrass.  This  zone  is 
frequently  preferred  by  cattle  over  the  drier  rangeland,  which  can  lead  to 
altered  stream  channel  and  vegetational  characteristics.  In  view  of  the 
preceding  discussion  of  grazing-induced  shifts  in  range  vegetation,  one  might 
also  expect  parallel  shifts  in  the  vegetation  of  the  even  more  heavily  used 
riparian  zone.  This  is  important  because  not  all  plants  contribute  equally  to 
fish  cover,  food,  or  streambank  stability. 

Management  Considerations 

The  preceding  discussion  brings  up  the  question  of  management.  There  are 
five  basic  systems  of  livestock  management  used  to  control  the  distribution  of 
livestock  over  the  range.  These  systems  are  continuous  (or  seasonal)  grazing, 
rotation  grazing,  deferred  grazing,  deferred  rotation  grazing,  and  rest 
rotation  grazing  (Meehan  and  Platts  1978) . These  commonly  used  systems  are 
designed  to  increase  plant  vigor  and  thereby  help  rangelands  recover  from 
historical  abuse.  Their  effectiveness  in  promoting  recovery  of  riparian 
vegetation,  however,  needs  clarification. 

Continuous  grazing,  the  system  used  on  the  Tabor  Creek  pasture,  consists 
of  stocking  an  allotment  in  the  spring  and  removing  the  animals  in  the  fall. 

It  is  almost  a no-management  system,  except,  as  the  BLM  has  done  several  times 
on  Tabor  Creek,  the  timing  of  stocking  and  removal  can  be  manipulated  so  as  to 
avoid  critical  developmental  stages  of  the  forage  plants.  Nevertheless,  it  is 
frequently  an  inadequate  system,  as  noted  by  Hormay  (1970)  who  states  that 
under  continuous  grazing  at  any  stocking  level,  the  more  palatable  and 
accessible  plants  will  be  killed  or  eliminated. 

Another  common  system,  which  will  be  tested  on  Tabor  Creek,  is 
rest-rotation  grazing.  This  system  allows  division  of  the  range  into  pastures 
which  are  systematically  grazed  and  rested.  If  correctly  applied  this  system 
can  help  restore  the  vigor  of  range  plants,  providing  that  the  amount  of  rest 
required  is  determined  by  the  phenology  of  the  plants  involved  (Hormay  1970) . 
Whether  this  system  can  benefit  riparian  vegetation,  however,  is  still  open  to 
question  and  there  are,  in  fact,  indications  that  it  cannot  help  the  recovery 
of  abused  riparian  habitat.  Meehan  and  Platts  (1978)  suggest  that  this  system 
may  be  harmful  to  riparian  ecosystems  because  of  increased  potential  for 
livestock  movement  in  and  use  of  the  riparian  zone,  so  studies  such  as  this 
one  are  necessary  for  conclusions  to  be  drawn. 
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Figure  4. 


Riparian  vegetation  along  Tabor  Creek, 


Elko  County,  Nevada. 
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The  three  other  systems  either  defer  grazing  for  parts  of  the  season  or 
combine  seasonal  deferment  and  resting.  None  have  clearly  been  shown  to  be 
effective  in  helping  to  rehabilitate  riparian  vegetation  though  some  may  be 
more  successful  than  others.  Only  one  strategy  clearly  stands  out  as  being 
useful  in  riparian  recovery:  complete  rest.  This  can  be  accomplished  by 
fencing,  which  the  BLM  has  done  with  the  Tabor  Creek  exclosure,  and,  though  it 
cannot  be  the  final  solution,  it  must  be  a consideration  if  high  quality 
riparian  habitat  is  to  be  conserved.  The  answer  to  this  vexing  problem  should 
become  clear  as  this  study  progresses  since  it  will  compare  the  effects  of 
several  grazing  strategies. 


CRAZING  PATTERNS 
History 

Prior  to  the  discovery  of  gold  in  California  in  1849,  Nevada  had  remained 
largely  unsettled,  a vast  expanse  of  mountain  ranges  and  basins,  belonging 
first  to  Mexico  and  acquired  by  the  United  States  in  1848.  Cattle  were  first 
brought  into  the  state  in  the  early  1840's,  but  these  were  few  and  largely 
passing  through  with  parties  of  settlers  and  explorers.  With  the  discovery  of 
gold  in  California,  however,  large  numbers  of  fortune  seekers  from  the  East 
found  good  passage  along  the  course  of  the  Humboldt  River.  This  emergence  of 
the  Humboldt  River  as  a major  route  to  the  gold  fields  led  to  the  need  for 
way-stations  and  settlements  along  this,  the  principal  river  in  northern 
Nevada.  With  the  local  settlers  came  livestock  and  the  first  herds  were 
loosed  upon  northeastern  Nevada's  virgin  grasslands,  giving  birth  to  one  of 
the  states  most  important  industries. 

Early  grazing  use  was  extremely  heavy,  with  itinerant  bands  of  cattle  and 
sheep  competing  with  local  ranchers  for  the  desirable  forage,  and  as  late  as 
1880  there  was  still  no  law  in  Nevada  that  defined  a "lawful  fence."  The 
problem  of  range  abuse  was  recognized,  however,  and  in  1909  a section  of  the 
Jarbidge  Mountains,  including  the  headwaters  of  Mary's  River,  was  added  to  the 
Humboldt  National  Forest  to  protect  important  watersheds  in  these  mountains. 
Extensive  tracts  of  public  land  still  remained  open  to  unregulated  use 
including  most  of  the  Mary's  River  Sub-basin,  so,  in  1919,  Nevada  enacted 
legislation  requiring  stockmen  to  own  land  before  they  could  graze  public 
range;  this  law  was  later  repealed.  Conditions  continued  to  deteriorate  as 
desirable  forage  was  severely  reduced  or  eliminated  and  undesirable  species 
gained  prominence.  The  problem  on  western  rangelands  was  so  severe  that  the 
federal  government  intervened  again  in  1934  with  passage  of  the  Taylor  Grazing 
Act.  This  Congressional  Act  created  the  Grazing  Service  (later  combined  with 
the  General  Land  Office  to  create  the  BLM)  in  the  Department  of  the  Interior 
to  regulate  grazing  on  public  domain  lands. 

During  the  90  years  of  grazing  prior  to  formation  of  the  Grazing  Service, 
records  of  actual  use  by  operators  were  inadequate.  Thus,  despite  the  fact 
that  herds  were  taxed  and  fees  were  required  to  use  lands  set  aside  in 
national  forests,  it  is  difficult  to  accurately  estimate  how  heavy  use  was  in 
the  Mary's  River  Sub-basin.  Some  insight  into  this  question  can  be  gained  by 
considering  the  size  of  the  cattle  operation  run  in  Elko  County  by  John  Sparks 
and  A.  J.  Harrel,  incorporated  as  the  firm  of  Sparks  and  Harrel.  With  their 
headquarters  in  Wells,  Nevada,  they  owned  200,000  acres  from  Wells  north  to 
the  Snake  River  and  in  1884  branded  14,000  calves;  their  breeding  herd  in  Elko 
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County  numbered  some  70,000  animals  (Hazeltine  and  others,  1965).  This  firm, 
though  definitely  the  largest  in  Elko  County,  was  only  one  of  several  very 
large  operations  which,  when  considered  with  the  many  itinerant  and  tramp 
herds  in  the  area,  paint  a picture  of  a severely  overstocked  range  with  little 
effective  regulation  outside  of  national  forest  reserves. 

The  more  recent  records  used  for  adjudication  under  the  Taylor  Grazing 
Act  are  more  accurate  and  indicate  that  during  the  period  1929-1934  the  area 
from  Mary's  River  to  the  crest  of  the  Snake  Mountains  and  from  the  Humboldt 
River  to  Hot  Creek  on  the  north  (approximately  the  eastern  three-fourths  of 
the  sub-basin  and  including  Tabor  Creek,  figure  2)  domestic  livestock  numbers 
were  on  the  order  of  27,000  annually.  Such  heavy  use  indicates  that  the  range 
continued  to  be  overused  and,  though  the  Grazing  Service  did  much  to 
ameliorate  range  conditions,  range  quality  continued  to  decline.  As  a result, 
the  Metropolis  Unit,  which  comprised  this  part  of  the  sub-basin,  was 
adjudicated  in  1957  and  the  BLM  imposed  a 39  percent  reduction  in  use  over  the 
succeeding  three  years. 

In  1958  the  BLM  consummated  a land  exchange  with  Marble  Ranches  (Mary's 
River  Ranch)  which  placed  the  upper  portion  of  the  Tabor  Creek  watershed  under 
private  ownership;  commencing  approximately  1 July,  this  area  has  been  grazed 
every  summer  since. 

Present  and  Future  Trends 

Grazing  by  allotment,  an  arrangement  in  which  certain  range  subdivisions 
are  designated  for  use  by  authorized  operators,  was  instituted  in  the  Tabor 
Creek  area  in  1961.  The  BLM  land  along  Tabor  Creek,  along  with  that  along 
Burnt  Creek,  was  placed  in  the  Barlow  area  of  use.  Season-of-use  dates  were 
then  set  in  1965,  designating  these  two  pastures  as  summer  range  with  a 
season-of-use  from  1 June  to  15  September;  stocking  of  the  Tabor  Creek  field 
was  set  at  1,350  head  for  4,725  animal  unit  months  (AUM's).  As  can  be  seen  in 
table  1,  this  pattern  was  modified  prior  to  the  1970  grazing  season  with 
permitted  use  increased  to  1,350  head  for  4,865  AUM's.  During  the  1970' s the 
pattern  fluctuated  with  the  permitted  stocking  level  being  raised  to  2,122 
head  for  7,639  AUM's  accompanied  by  a season-of-use  change  to  the  period  1 
July  to  20  October,  and  in  1979  the  turn-off  date  was  pushed  up  to  30 
September  reducing  use  to  6,366  AUM's;  at  all  times,  use  remained  below  the 
estimated  carrying  capacity  of  8,100  AUM's.  This  general  pattern  is  exacted 
to  continue,  with  the  possibility  of  some  reductions  in  animal  numbers.— 
Grazing  did  not  occurred^within  the  exclosure  on  Tabor  Creek  between  the  fall 
of  1976  and  spring  1982.— 


— Crispin,  Val.  1980.  Personal  correspondence.  USDI  Bur.  Land  Manage., 
^lko,  Nevada. 

—Although  the  exclosure  was  opened  to  allow  grazing  in  1982,  the  fence  for 
the  new  exclosure  was  not  completed  prior  to  the  grazing  season  and  use 
occurred  in  site  1. 
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Table  1. — Actual  and  projected  management,  Tabor  Creek  Pasture,  1973-1983  (targeted  values  parenthetical).— 
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2/Oata  supplied  by  Val  Crispin,  BLM,  Elko,  Nevada,  unless  otherwise  noted. 

-jyPasture-wide  continuous. 

^yWhere  no  data  are  available,  actual  use  must  be  assumed  to  equal  permitted  use. 

— ^Raw  use  data  provided  by  Roy  Masinton,  BLM,  Elko,  Nevada;  determined  by  key  species  method  for  a nearby  upland  range  site. 
-n.Refer  to  Table  3 (average  of  sites  l and  3). 


Beginning  in  1982,  a new  series  of  grazing  treatments  are  scheduled  for 
the  Tabor  Creek  Study  area.  A new  exclosure  was  constructed  to  rest  the 
riparian  zone  in  site  1 and  a modified  rest-rotation  system  (Fig.  5)  was 
initiated  within  the  original,  previously  rested  exclosure.  This 
rest-rotation  system  will  involve  the  stocking  of  21  cattle  for  2 months  (72 
AUM's),  according  to  the  following  plan: 

YEAR  TREATMENT  MAJOR  EFFECTS 

Seed,  seed  trampling,  vigor, 
livestock  production 

Vigor,  litter 


Livestock  production,  regrowth 


Season 


LEGEND 


Grazing 


Resting 


• Seed-ripe 


.Figure  5.  Rest-rotation  strategy  to  be  applied  in  the  existing  live 
stock  exclosure  beginning  in  1982. 


METHODS 


General 

Ongoing  studies  are  presently  being  conducted  on  a total  of  15  study 
sites,  11  in  Idaho  and  3 each  in  Nevada  and  Utah.  These  sites  are  generally 
in  meadow  environments  on  National  Forest  lands,  and  lower  elevation 
sagebrush-type  meadows  on  Bureau  of  Land  Management  lands.  The  purpose  of 
these  studies  is  to  refine  techniques  for  monitoring  and  assessing  the  impacts 
of  livestock  on  riparian  and  aquatic  ecosystems. 

The  basic  design  of  each  study  site  is  to  stratify  1800  feet  of  stream  by 
subdividing  it  into  181  transects  placed  at  10-foot  intervals  along  the 
stream.  The  stream  is  then  divided  into  three  600-foot  sections,  with  the 
middle  section  fenced  to  provide  an  area  for  manipulation,  the  up-  and 
downstream  sections  serving  as  controls.  Livestock  are  either  introduced  to 
or  excluded  from  the  fenced  area  depending  on  the  needs  of  the  study.  Annual 
monitoring  of  each  section  then  provides  information  on  each  relative  to  the 
others  over  the  course  of  several  seasons  of  use.  For  Tabor  Creek,  this  basic 
design  has  been  modified,  to  accommodate  the  large  size  of  the  exclosure  and 
to  allow  two  grazing  treatments  (complete  rest  and  a rest-rotation  strategy 
(Fig.  6). 
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The  data  collected  fall  into  four  basic  categories: 

(1)  geomorphic/aquatic,  (2)  riparian  or  streamside,  (3)  hydrologic,  and 
(4)  biological. 

Geomorphic/Aquatic 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 

10. 

11. 

Riparian 

12. 

13. 

14. 

15. 

16. 


Substrate  materials 
Substrate  embeddedness 
Stream  width  and  depth 
Bank-stream  contact  water  depth 
Pool  width,  quality,  and  feature 
Riffle  width 
Streambank  angle 
Streambank  undercut 

Fisheries  environment  quality  rating 
Canopy  cover 
Light  intensity 


Streamside  habitat  type 
Streambank  stability 
Overhanging  vegetation 

Vegetation  use  (ocular  and  herbage  meter) 
Streambank  alteration  (natural  and  artificial) 


Hydrologic 


17.  Stream  profile 

18.  Stream  gradient 

19.  Stream  velocity  Biological 

20.  Fish  species  composition,  number  and  biomass 
Water/ quality 

21.  Hydrochemistry,  coliform  count,  turbidity. 


A brief  description  of  the  procedures  used  in  this  study  follows.  More 
detailed  descriptions  can  be  found  in  Morris  and  Others  (1976),  Neal  and 
Others  (1976),  Platts  and  others  (in  press),  and  Ray  and  Megahan  (1978). 

Geomorphic/Aquatic  Analysis 

These  measurements  describe  the  structural  characteristics  of  the  stream 
being  studied  and  can  therefore  be  used  to  document  livestock  induced  changes 
in  the  stream  channel  when  monitored  over  several  grazing  seasons. 
Geomorphic/aquatic  measurements  are  statistically  analyzed  to  determine  means, 
standard  deviations,  variances,  95  percent  confidence  intervals.  Student's  t 
values,  and  F values  for  each  variable  in  each  study  site. 
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Water  Column 


Stream  width  was  a horizontal  measurement  of  that  area  of  the  transect 
covered  by  water.  Stream  depth  was  the  average  of  four  water  depths  taken  at 
equal  intervals  across  the  transect  from  the  water  surface  to  the  channel 
bottom.  Water  depth  at  the  intersection  of  the  streambank  or  stream  channel 
with  the  edge  of  water  was  a direct  measurement  from  water  surface  to  channel 
bottom.  Pools  were  classified  as  that  area  of  water  column  usually  deeper 
than  riffles  and  slower  in  water  velocity;  riffle  was  the  remainder  of  the 
column.  Pool  quality  rating  was  based  on  the  pool's  ability  to  provide 
certain  rearing  requirements  needed  by  fish,  particularly  size,  depth  and 
cover,  and  was  ranked  from  1 (poor)  to  5 (high  quality).  Canopy  cover 
measures  the  angle  of  incident  sunlight  that  fell  on  the  midpoint  of  the 
stream  (not  intercepted  by  nearby  objects). 

Streambanks 

The  streambank  angle  was  measured  with  a clinometer  which  determined  the 
downward  slope  of  the  streambank  to  the  water.  Streambank  undercut  was  a 
direct  horizontal  measurement,  parallel  to  the  stream  channel,  of  the  erosion 
of  the  bank  at  the  water  influence  area.  Fisheries  environment  quality 
ratings  depicted  the  general  ability  of  the  bank-stream  contact  zone  to 
provide  the  conditions  believed  necessary  for  high  fish  standing  crops.  This 
rating  was  a function  of  both  stream  characteristics  at  the  bank  (pool  or 
riffle)  and  available  cover  and  was  ranked  from  1 (poor)  to  5 (excellent). 

Stream  Channel 

Substrate  materials  were  classified  into  five  classes  by  visually 
projecting  each  one-foot  division  of  a measuring  tape  to  the  streambed  surface 
and  assigning  the  major  observed  sediment  class  to  each  division;  sediments 
were  classified  as  boulder,  rubble,  gravel,  and  fine  sediment.  Stream  channel 
substrate  embeddedness  measured  the  gasket  effect  of  fine  sediment  around  the 
larger  size  substrate  particles  and  was  ranked  numerically  from  1 (highly 
embedded)  to  5 (slightly  embedded).  Instream  vegetation  cover  was  a direct 
measurement  of  the  vegetative  cover  on  the  channel  intercepted  by  the 
transect . 


Riparian  Analysis 

These  measurements  describe  the  riparian  interface  between  the  aquatic 
and  terrestrial  ecosystems.  Annual  monitoring  of  these  data  after  the  grazing 
season  illustrates  changes  in  many  critical  fishery  habitat  parameters.  These 
measurements  are  subjected  to  the  same  statistical  analyses  as  the 
geomorphic/aquatic  measurements. 

Streamside  cover  categorized  the  dominant  vegetation  as  exposed,  brush, 
grass,  or  tree  (numerically  ranked  1 to  4).  Streambank  alteration  assessment 
quantified  the  natural  and  artificial  changes  occurring  to  the  streambank  and 
was  ranked  in  percent  alteration.  Streamside  cover  stability  rated  the 
ability  of  the  streambanks  to  resist  erosion  and  was  ranked  from  1 (poor)  to  4 
(high  quality) . Vegetative  overhang  directly  measured  the  length  of  the 
vegetation  overhanging  the  water  column  within  12  inches  of  the  water  surface. 
Habitat  rating  was  based  on  the  belief  that  sand  banks  are  of  least  importance 
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to  fish,  while  brush-sod  banks  are  of  the  greatest  value;  intermediate  types 
were  ranked  accordingly  by  dominant  and  subdominant  characters.  Measurement 
of  vegetation  use  was  done  both  by  ocular  assessment  and  with  an  herbage 
meter . 


Streamside  Herbage  Analysis 

In  order  to  provide  a quantitative  complement  to  an  ocular  vegetation  use 
assessment,  a Neal  Electronics  Model  18-2000  or  18-3000  herbage  meter  was  used 
to  measure  standing  vegetation.  These  readings  were  taken  at  approximately 
every  fourth  transect,  and  linear  regression  analysis  against  clipped  plots 
provided  a quantitative  measure  of  forage  biomass  and  use. 

Fish  Population  Analysis 

Fish  populations  were  sampled  with  either  battery  powered,  portable, 
backpack  mounted  electrofishers  or  with  gasoline  powered,  motor  energized 
units.  Salmonids  were  counted,  measured,  and  weighed,  while  non-salmonids 
were  counted  and  weighed  as  a group.  All  were  handled  as  carefully  as 
practicable,  and  promptly  returned  to  the  stream  alive. 

Hydraulic  and  Channel  Geometry 

Ten  transects  in  the  central  section  of  each  600-foot  stream  reach  were 
used  for  hydraulic  geometry  measurement;  the  data  obtained  here  allow  us  to 
generate  a channel  cross-section  map  and  periodic  measurement  over  the  course 
of  the  study  shows  quantitative  changes  due  to  erosion  and  deposition  of 
channel  materials.  The  streams  were  surveyed  to  detect  changes  in  their 
relative  positions,  and  the  water  surface  was  surveyed  to  allow  monitoring  of 
changes  in  channel  gradient. 


Water  Quality  Analysis 

This  topic  was  not  addressed  in  Progress  Report  1 because  it  is  not  a 
regular  component  of  our  battery  of  measurements.  We  have  received  Tabor 
Creek  water  quality  data  from  the  BLM  and  are  including  it  in  this  report 
because  it  is  useful  in  characterizing  the  aquatic  habitat  of  Tabor  Creek. 

Water  quality  sampling  was  performed  at  three  locations  on  three  dates  in 
1979  and  three  dates  in  1980.  One  sampling  site  was  located  two  miles  below 
the  study  area;  the  second  was  in  the  study  area  immediately  above  the 
livestock  exclosure;  and  the  third  was  three-fourths  of  a mile  above  the  study 
area.  Sampling  was  conducted  in  1979  on  8 May,  24  July,  and  18  September;  and 
in  1980  on  1 May,  15  July,  and  24  September.  This  spatial  and  temporal 
distribution  of  sampling  provides  a picture  of  the  changes  in  water  quality 
along  the  stream  reach  as  well  as  annual  and  seasonal  fluctuation. 
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RESULTS  AND  DISCUSSION 


Georaorphic/Aquatic  Analysis 

The  first  livestock  exclosure  (surrounding  site  2),  which  has  been 
functional  since  1976,  was  opened  in  1982  to  permit  livestock  grazing  on  the 
early  cycle  of  a rest-rotation  strategy.  The  second  exclosure  (surrounding 
site  1)  was  scheduled  for  completion  in  time  for  the  1982  grazing  season,  but 
was  not  completed  in  time  to  prevent  livestock  use  in  the  site  1 riparian 
zone.  Habitat  conditions  in  site  2 were  sufficiently  superior  to  those  of  the 
other  two  sites  to  warrant  the  conclusion  that  the  rehabilitative  process  was 
well  underway,  despite  the  lack  of  before  the  fact  data.  Construction  of  the 
new  exclosure  will  allow  observation  of  rehabilitation  with  substantial  before 
the  fact  data,  while  grazing  in  the  first  exclosure  will  allow  observation  of 
the  effects  of  renewed  livestock  use  and  rest-rotation  grazing  on  Great  Basin 
streamside  habitat  that  has  been  rehabilitating  itself.  Comparison  of  the 
rehabilitation  process  in  site  1 and  of  rest-rotation  grazing  in  site  2 with 
the  no  change  situation  in  site  3 will  help  determine  the  best  grazing  systems 
for  Great  Basin  streams. 

Time  trend  plots  and  results  by  year  with  confidence  statistics  are 
presented  in  Appendixes  1 and  2,  respectively. 

Water  Column 

Tabor  Creek  has  consistently  been  narrowest  and  deepest  in  previously 
rested  site  2 (Table  2) , which  was  expected  from  the  hypothesis  that  grazing 
widens  stream  channels  by  bank  trampling  and  accelerated  erosion.  Effects  of 
the  increased  streamflow  in  1982  were  evidenced  by  increases  in  stream  widths 
and  depths  in  all  sites,  with  the  exception  of  average  depth  in  site  1. 
Interestingly,  the  increase  in  width  was  proportionally  much  greater  in  site 
2,  though  similar  differential  increase  occurred  in  the  wet  year  of  1980;  it 
is  therefore  unlikely  that  this  phenomenon  was  due  principally  to  renewed 
grazing  in  site  2. 

The  abrupt  changes  in  the  relative  abundances  of  pool  and  riffle  areas  in 
1982  cannot  be  readily  explained  by  real  events.  These  are  very  subjective 
measurements,  and  it  is  likely  that  the  abrupt  increase  in  the  abundance  of 
pool  (and  decrease  in  riffles)  resulted  from  observer  bias  coupled  with  the 
need  to  classify  all  uncertain  areas  as  pools.  These  factors  confound 
evaluation  of  interyear  differences,  but  should  not  materially  affect 
intrayear  comparisons;  therefore,  it  seems  likely  that  site  2 has  consistently 
had  the  greatest  amounts  of  pool,  and  that  pool  areas  may  even  be  increasing 
in  abundance  in  site  1.  Observer  bias  probably  also  caused  the  increased  pool 
ratings  in  each  site  in  1982,  but  it  is  nevertheless  clear  that  site  2 had  the 
highest  quality  pools,  and  their  quality  apparently  did  not  decline  with  the 
renewal  of  grazing  in  1982. 

The  rating  scale  for  pool  feature  evaluation  was  modified  in  1981,  so 
results  of  the  first  two  years  are  not  directly  comparable  to  the  latter  two 
years.  The  former  scale  consisted  of  only  two  ranks,  1 for  no  beaver 
influence  and  9 for  beaver  influence;  the  pool  feature  ratings,  therefore, 
show  the  presence  of  beaver  activity  in  pool  formation  in  site  2 only.  The 
1981-82  scale  included  more  parameters  in  pool  formation,  some  of  which  were 
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combined  in  1982,  so  even  these  figures  are  not  precisely  comparable. 

However,  the  ratings  show  that  beaver,  along  with  channel  and  bank  structure, 
were  to  be  important  in  site  2,  whereas  stream  channel  features  were  most 
important  in  the  other  two  sites. 

Canopy  cover  and  light  intensity  are  two  recent  additions  to  our  array  of 
measurements,  and  much  interpretation  of  them  would  be  premature  at  this  time. 
Both  measurements  agree,  however,  that  the  water  column  in  site  3 receives  the 
least  solar  radiation,  whereas  the  amount  of  insolation  in  sites  1 and  2 are 
probably  similar. 

Streambanks 

Inspection  of  the  changes  in  streambank  variables  in  1982  does  suggest 
that  some  impacts  of  cattle  grazing  occur  quickly.  Streambank  angle  increased 
only  in  site  2 and  was  actually  greater  than  the  average  bank  angle  in  site  1 
and  nearly  the  same  as  that  in  site  3 for  the  first  time  during  the  study. 

This  result  would  be  expected  if  overhanging  streambanks  were  beginning  to  be 
modified,  and,  indeed,  the  amount  of  undercut  increased  in  sites  1 and  3,  but 
decreased  in  site  2;  the  increases  in  sites  1 and  3 are  probably  due  to 
apparent  streambank  changes  and  angle  selection  by  the  observer  because  of  the 
high  water  level.  Bank-water  depth  would  also  expect  to  decrease  with  bank 
modification;  however,  bank-water  depth  increased  in  all  three  sites,  probably 
because  of  the  increased  water  level,  but  the  increase  was  very  slight  in  site 
2.  The  fisheries  rating  evaluates  the  quality  of  the  streambank-water  contact 
zone  with  respect  to  the  needs  of  salmonids,  but  it  is  a somewhat  subjective 
measurement;  however,  the  fact  that  fisheries  ratings  in  sites  1 and  3 were 
higher  in  1982,  while  being  unchanged  in  site  2 is  further  indication  that  the 
streambanks  in  site  2 may  already  show  the  effects  of  renewed  cattle  grazing. 

Streambottom 

The  surface  substrate  conditions  are  quite  good  throughout  the  study 
area,  and  there  is  no  clear  pattern  to  the  fluctuations  in  surface  sediments 
over  time.  Fine  sediments  seem  to  have  been  generally  declining  in  the  study 
area  prior  to  1982,  at  which  time  they  increased  in  somewhat  in  all  three 
sites.  This  resulted  primarily  from  an  increase  in  large  fine  sediments,  and 
in  sites  2 and  3 the  small  fine  sediments  continued  to  decline.  The  chief 
consequence  of  this  process  was  an  increase  in  substrate  embeddedness  in  all 
three  study  sites.  Gravel  decreased  in  sites  1 and  2,  but  increased  in  site  3 
in  1982,  suggesting  that  this  upstream  site  may  be  the  first  place  in  the 
study  where  gravel  transported  from  upstream  begins  to  settle  out  of  the  water 
column.  Of  course,  observations  were  not  made  during  peak  discharge,  which 
can  conceivably  be  greater  in  a low  water  year  than  a high  water  year 
depending  upon  such  factors  as  rain  or  snow  events,  timing  of  precipitation, 
and  air  temperatures  during  snowmelt,  so  measurement  of  surface  sediment 
composition  during  stable  flows  is  inconclusive  in  this  regard.  No  impacts  of 
renewed  grazing  can  be  detected  from  these  parameters,  though  they  are 
probably  most  influenced  by  offsite  events  that  cannot  be  controlled  by 
fencing  a small  length  of  stream. 

Instream  vegetal  cover  increased  in  1982,  but,  as  in  each  year  of  the 
study,  was  not  very  abundant,  never  averaging  more  than  7 percent  of  the 
average  stream  width. 
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Riparian  Analysis 


The  riparian  analysis  measurements  (Table  2;  Appendixes  3 and  4)  are 
among  the  most  subjective  in  our  array  of  measurements,  so  a certain  amount  of 
observer  bias  is  inevitable.  Over  time,  however,  the  importance  of  such  bias 
is  reduced  as  trends  become  apparent.  In  the  case  of  habitat  type  evaluation 
on  Tabor  Creek,  for  example,  the  coordinated  fluctuations  shown  in  the  graph 
in  Appendix  3 are  probably  the  result  of  observer  bias,  whereas  the 
uncoordinated  decline  in  the  habitat  type  rating  in  site  2 in  1982  is  likely 
to  represent  a real  change  relative  to  the  other  two  sites.  Just  such  a 
change  was  expected  from  the  hypothesis  that  changes  in  vegetation  due  to 
livestock  grazing  or  rest  should  proceed  more  rapidly  than  stream  structural 
changes.  In  this  case,  it  appears  that  renewed  cattle  grazing  has  quickly 
affected  the  streambank  habitat  through  vegetative  changes.  This  conclusion 
is  supported  by  similar  relative  changes  in  bank  cover  stability  and  stream 
cover  ratings  and  by  vegetation  coverage  measurements  in  site  2 in  1982.  The 
decline  in  both  stream  cover  and  bank  cover  ratings  was  due  largely  to  an 

increase  in  the  amount  of  bare  ground  in  site  2 and  reduction  in  the  amount  of 

brush  on  the  streambank  was  important  in  depressing  the  stream  cover  rating. 

Most  riparian  parameters,  with  the  exception  of  habitat  type  and 
artificial  alteration,  have  consistently  been  better  in  site  3 than  in  site  1; 
all  have,  of  course,  consistently  been  best  in  site  2,  with  the  sole  exception 
of  natural  bank  alteration.  The  high  bank  alteration  in  site  2,  however,  can 

be  explained  by  the  fact  that  we  try  to  avoid  bias  in  artificial  alteration  by 

classifying  alteration  of  uncertain  origin  as  natural;  therefore,  artificial 
alteration  in  site  2 was  probably  underestimated  by  classifying  some  as 
natural,  and  site  2 has,  indeed,  consistently  displayed  the  least  total 
alteration.  The  generally  lower  level  of  vegetation  use  by  livestock  in  site 
3 has  possibly  resulted  in  the  somewhat  better  riparian  conditions  in  that 
site  relative  to  site  1,  a thesis  that  is  corroborated  by  the  fact  that  site 
3,  for  the  first  time,  had  a better  habitat  type  rating  than  site  1 in  1982 
when  use  in  site  1 was  exceptionally  high. 

Streamside  Herbage  Analysis 

Despite  the  streamside  heterogeneity  of  Tabor  Creek  with  respect  to  the 
distribution  of  riparian  species  and  encroachment  by  terrestrial  species  we 
again  obtained  a very  good  coefficient  of  determination  (R2)  in  1982 
(Table  3).  The  standard  errors  of  estimate,  which  appeared  to  increase  during 
the  more  productive  (wetter)  periods  (see  also  Appendix  5),  reflect  the 
variability  of  the  vegetation,  but,  with  the  exception  of  the  1980  results, 
are  within  the  range  reported  by  Neal  and  others  (1976)  for  terrestrial 
rangeland.  Furthermore,  we  believe  that  such  variability  is  unimportant  with 
respect  to  adequacy  of  the  production  and  use  estimates  when  both  grazed  and 
ungrazed  sites  are  similarly  heterogeneous  and  R2  values  are  high  (greater 
than  about  0.75) . 

Unfortunately,  there  was  no  ungrazed  study  site  in  1982  from  which  to 
obtain  an  available  biomass  estimate,  so  we  could  not  estimate  vegetation  use 
by  this  method  in  1982.  It  can  be  seen  from  table  4,  however,  that  use  in 
site  2 was  less  than  in  site  1 because  the  remaining  biomass  is  greater;  this 
result  is  in  agreement  with  the  visual  estimates  reported  in  table  1. 
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Table  3. — Annual  streamside  herbage  analysis  calibration  results  (gram  equivalents  are  given  parenthetically/, 
Tabor  Creek,  Nevada;  equations  are  of  the  linear  form  y • a ♦ bx. 


Sample 

Constant 

Regression 

Coef  f lcient 

of 

Standard  Error 

Year 

Size  (n) 

(a) 

Coefficient  (b) 

Determination 

(r2)  of 

Estimate  (Sy.x) 

1979 

16 

-0.311  (-8.81  ) 

0.074 

(2.11  ) 

0.89 

0.52(14.64) 

1980 

14 

-0.102  (-2.81  ) 

0.087 

(2.45  ) 

0.89 

1.09(30.19) 

1981 

16 

-0.118  (-3.35  ) 

0.054 

(1.53  ) 

0.83 

0. 30(  fi.39) 

1982 

16 

0 .0454 ( 0.833) 

0.072' 

0(2.029) 

0.89 

0.73(21.14) 

Table 

4. — Annual  biomass 

and  utilization 

estimates  by 

visual  and 

herbage  meter  techniques,  Tabor  Creek,  Nevada. 

Month 

Biomass  in 

Site  2 

Biomass 

in  Site  1 

Percent 

Use  ir.  Site  1 

Year 

Sampled 

lb/ac 

kg /ha 

lb/ac 

kg/ha 

Meter 

Visual 

1979 

October 

2055 

2247 

216 

242 

89 

68 

1980 

September 

5796 

6496 

1126 

1262 

81 

72 

1981 

October 

!251 

3047- 

1402 

3415—' 

470 

527 

622/ 

N.A.- 

65 

1982 

August 

2617 

2933 

85 

— ^The 

available  biomass 

was  to  be  obtained  from  site  1 

in  1982, 

but 

cattle  were  allowed  in  all 

sites;  therefore. 

this 

value  is  not  indicative  of  the  potential  available  production. 

2/ 


N.A. 


- not  applicable; 


all  sites  grazed  in  1982. 


Fish  Population  Analysis 

Unlike  overall  aquatic  and  riparian  habitat  conditions,  the  beneficial 
effects  of  the  first  livestock  exclosure  are  not  readily  apparent  from  fish 
populations.  Site  3 has  consistently  had  the  greatest  number  and  biomass  of 
trout  (Table  5;  Fig.  7,  Appendix  6),  but  stocking  practices  confound  analysis. 
Catchable-size , hatchery-reared  rainbow  trout  are  planted  in  Tabor  Creek  each 
year,  not  necessarily  uniformly  along  the  length  of  the  study  reach.  We 
attempted  to  identify  hatchery  trout  in  1980  and  1982  as  they  were  collected, 
but  the  low  proportion  of  hatchery  trout  collected  in  1982  (4  percent)  casts 
some  doubt  on  the  reliability  of  such  attempts;  assuming  uniform  vigilance  on 
the  part  of  the  collectors;  however,  it  is  clear  that  the  greatest  percentage 
of  hatchery  fish  normally  occurs  in  site  3 (Appendix  7).  It  is  also  obvious, 
however,  that  the  small  numbers  of  young  of  the  year  trout  consistently 
collected  were  insufficient  to  produce  the  large  numbers  of  older  trout 
collected;  therefore,  in  1982  at  least,  the  number  of  hatchery-reared 
individuals  indicated  is  probably  underestimated. 

Size  frequency  distributions  of  rainbow  trout  were  noticeably  skewed 
toward  larger  individuals  in  an  upstream  direction,  suggesting  the  presence  of 
more  favorable  fishery  conditions,  at  least  with  respect  to  larger 
individuals,  in  site  3.  Several  factors  could  lead  to  this  condition, 
including:  (1)  heavier  fish  stocking  in  or  near  site  3;  (2)  less  fishing 

pressure  in  site  3;  and  (3)  superior  habitat  conditions.  We  cannot  adequately 
evaluate  the  relative  importance  of  those  factors  at  this  time,  but  some 
speculation  is  possible.  Nevada  Department  of  Wildlife  creel  surveys  are  not 
conclusive,  but  they  do  suggest  that  hatchery-reared  individuals  do  not 
greatly  outnumber  wild  individuals  in  anglers'  creels.  The  average  size  of 
fish  stocked  into  Tabor  Creek  since  1977  has  been  8-10  in.  (203-254  mm)  (Pat 
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Table  5. — Summary  of  annual  game  fish  population  analysis  results,  Tabor  Creek,  Nevada.—' 
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Mean  condition  factor 


Year 

Figure  7.  Fluctuations  in  rainbow  trout  biomass  over  time,  Tabor  Creek, 
Nevada . 

Coffin,  personal  correspondence),  so  the  large  number  of  individuals  smaller 
than  8 in.  we  have  collected  also  suggests  a good  proportion  of  wild  trout. 
Little  is  specifically  known  of  the  movements  of  wild  rainbow  trout  in  the 
Humboldt  River  Basin,  but  upstream  movements  of  wild  adult  trout  to 
spawning-rearing  areas  and  subsequent  return  could  account  for  large  numbers 
of  wild  fish  despite  small  numbers  of  young  of  the  year.  In  addition,  if 
stocking  occurred  above  and  below  the  study  area,  downstream  movements  of 
planted  fish  might  well  be  expected  to  result  in  decreasing  numbers  of 
hatchery  trout  along  a downstream  gradient. 

The  above  arguments  possibly  account  for  much  of  the  observed  rainbow 
trout  spatial  and  size-frequency  distributions,  but  presence  of  superior 
habitat  conditions  and  differential  angling  pressure  must  also  be  considered. 
Geomorphic/aquatic  and  riparian  analysis  results  do  not  indicate  markedly 
superior  conditions,  but  critical  components  may  be  masked.  For  example, 
large  numbers  of  large  trout  were  collected  in  site  3 under  heavy  vegetation 
overhang,  principally  of  willow.  This  may  have  been  insufficient  in  quantity 
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to  show  up  clearly  in  Table  1,  but  may  well  have  discouraged  casual  anglers; 
we,  in  fact,  experienced  considerable  difficulty  manipulating  electrofishers 
and  nets  in  these  areas.  In  addition,  sculpin  study  crops  (Table  6)  were 
typically  higher  in  site  3 (Fig.  8),  probably  as  a result  of  habitat 
preferences  since  they  are  neither  stocked  nor  regularly  caught  by  anglers. 
Piute  sculpin,  probably  the  indigenous  species,  are  known  to  prefer  clear, 
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Figure  8.  Changes  in  sculpin  standing  crop  over  time,  Tabor  Creek,  Nevada. 


cold  water  and  to  occur  over  rubble  bottoms  (Jones  1972;  Simpson  and  Wallace 
1978)  as  do  trout,  and  researches  on  other  sculpins  imply  that  they  have 
substrate  and  food  requirements  similar  to  those  of  trout  (Bailey  1952;  Dineen 
1951;  Koster  1937),  suggesting  that  habitat  conditions  in  site  3 are  most 
favorable.  The  consistent  absence  of  dace  and  sucker  from  site  3 may  be 
further  indication  of  superior  trout  habitat  conditions,  though  sucker  were 
absent  from  all  sites  in  1982. 
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Table  6. — Summary  of  annual  non-game  fish  population  results,  Tabor  Creek,  Nevada.— 
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Eastern  brook  trout,  one  small  individual,  were  collected  only  in  1981, 
and  must  be  considered  an  insignificant  component  of  the  Tabor  Creek  fish 
community. 


Hydraulic  and  Channel  Geometry  Analysis 

Stream  channel  structural  characteristics  are  expected  to  respond  more 
slowly  to  protection  from  grazing  than  characteristics  based  solely  upon 
vegetative  proliferation.  Despite  this  consideration,  the  stream  channel  in 
site  2 was  seen  to  be  narrower  and  deeper  in  cross  section  in  1979  (Table  7; 
Appendix  6),  11  years  after  construction  of  the  exclosure  and  just  3 years 
after  the  exclosure  was  completely  closed  to  livestock  use.  Other  hydraulic 
characteristics  were  noticeably  different  within  the  exclosure,  most 
noticeable  slope  and  roughness,  and  site  3 was  seen  to  be  somewhat  different 
than  site  1.  This  is  not  surprising  since  site  3 is  situated  some  distance 
upstream  and  not  continuous  with  site  2;  however,  site  3 is  more  similar  to 
site  1 than  site  2 with  respect  to  most  characters. 

Table  7. — Hydraulic  and  channel  geometry  characteristics,  Tabor  Creek, 

Nevada  (8/13/79)  . 


Study  Site 

Variable-^ 

Site  1 

Site  2 

Site  3 

Sample  size 

7 

7 

9 

Average  velocity  (ft/sec) 

1.24 

1 . 16 

1.23 

Average  flow  (ft3/sec) 

5.51 

5.36 

4.34 

Average  wetted  roughness 

0.005 

0.11 

0.07 

Average  slope  (pet) 

0.085 

2.49 

1.60 

Average  width  (ft) 

11.80 

9.96 

11.18 

Average  depth  (ft) 

0.427 

0.556 

0.407 

Average  cross-sectional  area 

(ft2) 

4.66 

4.79 

4.09 

—^Averages  of  wetted  values 

recorded 

for  each  transect 

(except  sample 

size) . 

Of  particular  interest  was  the  increased  channel  roughness 
(Manning's  n)—  in  site  2.  This  resulted  from  the  decrease  in  width  and 
increase  in  depth  (note  that  area  is  little  different  between  sites  1 and  2) 
which  decreased  the  wetted  perimeter  relative  to  cross-sectional  area. 
Concurrent  decrease  in  velocity  and  the  greater  slope  yielded  an  increased 
roughness  coefficient. 

Hydrologic  surveys  were  not  conducted  in  1979. 


— Manning's  n = R"  S 2,  where:  R = A/ (2d  + w)  ; A = area;  d = depth; 

v 

w = width;  s = slope;  and  v = velocity. 
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Water  Quality  Analysis 


Water  quality  sampling  was  performed  at  three  different  dates  and  at 
three  different  dates  and  at  three  separate  locations  on  Tabor  Creek  in  both 
1979  and  1980.  The  results  of  these  surveys  are  presented  in  Tables  8 and  9. 

Tabor  Creek  appeared  to  contain  clear,  fertile,  moderately  alkaline  water 
which  can  get  quite  warm  in  the  summer  months.  Most  of  the  water  quality 
characteristics  were  observed  to  exhibit  expected  seasonal  and  spatial 
fluctuations  and  only  a few  approached  levels  that  could  be  sources  of  stress 
to  game  fish  populations,  and  those  only  during  certain  periods.  One  of 
these,  temperature,  was  observed  to  be  as  high  as  64°  F (18°  C) . This  is 
above  the  55°  F (13°  C)  rainbow  trout  optimum  reported  by  McKee  and  Wolf 
(1971),  but  within  tolerable  limits.  Water  temperatures  were  higher  in  1980 
than  1979. 

Dissolved  solids,  bicarbonates,  carbonates,  calcium,  chlorides,  and  pH 
were  at  their  lowest  levels  when  stream  flows  were  high  and  concentrate  as 
flows  diminish;  however,  some  did  drop  slightly  after  a mid-season  high, 
possibly  as  a result  of  decreased  evapotranspiration . Concentrations  of  all 
of  these  substances  were  within  limits  tolerable  to  trout.  Bicarbonate  and 
chloride  levels  slightly  exceeded  the  levels  reported  by  McKee  and  Wolf  (1971) 
to  be  found  in  95  percent  of  all  water  in  the  United  States  that  support  a 
good,  mixed  fish  fauna  (180  mg/1  and  170  mg/1  respectively). 

One  striking  feature  of  Tabor  Creek  was  its  high  fertility. 

Orthophosphate  data  is  available  only  from  1980,  but  the  high  average 
concentration  observed  (0.43  mg/1)  is  well  above  the  0.01  mg/1  level  that  is 
reported  by  McKee  and  Wolf  (1971)  to  be  conclusive  to  high  biotic  production. 
It  is  also  well  above  the  range  of  0.01  to  0.1  mg/1  normally  encountered  in 
U.S.  rivers,  and,  if  fertilizers  or  other  sources  of  pollution  are  not  the 
source,  may  indicate  phosphate  deposits  in  the  Tabor  Creek  watershed.  Nitrate 
concentrations  were  also  sufficient  to  encourage  aquatic  plant  growth.  The 
existence  of  which  may  be  indicated  by  the  mid-summer  declines  in  both 
phosphate  and  nitrate  concentrations.  Coliform  counts,  also  components  of 
fertility,  were  highest  during  the  grazing  season  as  expected,  but  the 
dramatic  differences  between  1979  and  1980  are  puzzling. 
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Tab  1 e 8. Water  quality  characteristics  of  Tabor  Creek,  Nevada.  Sampling  was  performed  on  three  dates:  (1)  8 May;  (2)  24  du! 

(3)  18  September,  1979.  Data  provided  by  USDI-BI.M,  Elko  District  Office,  Elko,  Nevada,  and  averaged  by  the  authors. 
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Table  9. — Water  quality  characteristics  of  Tabor  Creek,  Nevada.  Sampling  was  performed  on  three  dates:  (1)  1 May;  (2)  15  Jul 

(3)  24  September,  1980.  Data  provided  by  USDI-BLM,  Elko  District  Office,  Elko,  Nevada,  and  averaged  by  the  authors. 
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CONCLUSIONS 


Four  years  of  data  collection  are  insufficient  to  completely  identify 
trends  that  may  be  developing  in  Tabor  Creek  habitat  conditions,  though  some 
extrapolation  from  differences  between  protected  and  unprotected  areas  is 
justifiable.  It  should  be  borne  in  mind,  however,  that  streams  are  innately 
dynamic  entities,  especially  in  such  an  unpredictable  geoclimatic  region,  and 
it  is  common  for  habitat  conditions  to  fluctuate  from  one  year  to  the  next. 

It  is  also  true  that  a certain  amount  of  observer  bias  is  inherent  in  any 
measurements  that  attempt  to  evaluate  such  habitat  conditions,  so  it  is 
necessary  to  exercise  caution  when  analyzing  data  early  in  a time  trend  study; 
we  must  make  the  assumption  that  observed  changes  are  real,  but  it  will  take 
accumulation  of  additional  years'  data  to  dilute  the  effects  of  observer 
biases . 

Most  habitat  conditions  were  found  to  be  superior  within  the  first 
exclosure  (site  2),  presumably  as  a result  of  the  rest  from  grazing.  It 
appears  that  the  continuous  grazing  system  in  use  on  Tabor  Creek  is  preventing 
the  riparian  system  from  contributing  fully  to  the  stream  and  its  fishery, 
though  the  better  fish  population  in  the  upstream  control  site  despite 
somewhat  poorer  conditions  add  a confounding  factor.  Possible  reasons  for 
this  apparent  anomally  include  fish  stocking,  the  unknown  influence  of 
recreational  angling;  high  sculpin  standing  crops  preclude  ruling  out  the 
possibility  of  superior  conditions  with  respect  to  some  currently,  unevaluated 
habitat  component  (e.g.  in  situ  or  allocthonous  food  supply).  Preliminary 
analysis  suggests  that  rest-rotation  grazing  at  the  high  forage  use  levels 
intended  will  have  some  effect  on  the  improved  riparian  and  stream  habitat 
within  the  first  exclosure,  but  it  is  too  early  to  speculate  on  the  magnitude 
of  such  impacts. 

Construction  of  the  second  exclosure,  which  had  been  scheduled  for  the 
1982  grazing  season,  should  instead  be  completed  by  the  1983  season. 

Protection  of  site  1,  for  which  we  have  abundant  data  regarding  grazed 
conditions,  will  allow  observation  of  the  rehabilitation  process  from  the 
beginning  and  will  eliminate  the  bias  of  not  having  pre-treatment  data.  As 
the  BLM  continues  to  more  fully  develop  multiple-use  potential  on  public 
domain  lands,  it  will  become  increasingly  necessary  to  devise  grazing  systems 
that  will  allow  livestock  production  and  protection  of  valuable  fishery 
habitat . 
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APPENDIX  I 


Geomorphic/Aquatic  Analysis  Time  Trend  Plots 


This  appendix  contains  plots  of  geomorphic/aquatic  variable  means  as  a 
function  of  time. 
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APPENDIX  2 


Annual  Geomorphic/Aquatic  Analysis  Results 


This  appendix  contains  tables  of  geomorphic/aquatic  analysis  variable 
means,  standard  deviations,  and  95  percent  confidence  intervals  for  each  year 
data  were  collected.  Dates  of  data  collection  were  as  follows:  08/11/79; 

09/03/80;  06/27/81;  and  08/06/82. 
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Table  A-l. — Georaorphic/aquatic  analysis  results  for  1979,  Tabor  Creek,  Nevada. 
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♦Significantly  different  (g<0.05)  from  site  2 mean. 


Table  A-2 — Geomorphlc/aquatic  analysis  results  for  1980,  Tabor  Creek,  Nevada 
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Table  A-3 — Ceomorphic/aqua t 1c  analysis  results  for  1981,  Tabor  Creek,  Nevada. 
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analysis  required  separate  calculations. 

*SifMii  f leant  ly  different  (<0.05)  from  sLte  2 mean. 


Table  A-4 — Geomorpliic/aquatic  analysis  results  for  1982,  Tabor  Creek,  Nevada. 
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Instream  vegetation  cover  (feet)  0.5  1.0  0.2-0. 


APPENDIX  3 


Riparian  Analysis  Time  Trend  Plots 


This  appendix  contains  plots  of  the  riparian  analysis  variable  means  as  a 
function  of  time. 
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1979  1980  1981  1982  1983  1984  1979  1980  1981  1982  1983  1984 


APPENDIX  4 


Annual  Riparian  Analysis  Results 


This  appendix  contains  tables  of  riparian  analysis  variable  means, 
standard  deviations,  and  95  percent  confidence  intervals  for  each  year  that 
data  were  collected.  Sampling  dates  were  as  follows:  10/08/79;  09/03/80; 

08/24/81;  and  09/27/82. 
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Table  A-5 — Riparian  analysis  results,  1979,  Tabor  Creek,  Nevada 
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Table  A-7 — Riparian  analysis  results  for  1 9 7 , Tabor  Creek,  Nevada 
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APPENDIX  5 


Streamside  Herbage  Analysis  Scatter  Diagrams 


This  appendix 
point  scatters  and 


contains  the  streamside  herbage  analysis 
linear  regression  lines  for  each  year  of 


secondary  sample 
sampling . 
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GREEN  WEIGHT  (OZ) 
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APPENDIX  6 


Annual  Fish  Population  Analysis  Results 


This  appendix  contains  annual  fish  population  analysis  results  for  each 
year  data  were  collected. 
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Table  A-9. — Fish  population  analysis  results  for  1979,  Tabor  Creek,  Nevada  (sampled  08/11/79). 
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—Based  on  population  estimate  when  available  (program  does  not  provide  an  estimate  when  fewer  than  2 fish  are  collected). 


Table  A-IO. — Flsli  population  analysis  results  for  1980,  Tabor  Creek,  Nevada  (sampled  07/28/80). 
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Based  on  population  estimate  when  available  (program  does  not  provide  an  estimate  when  fewer  than  2 fish  are  collected 
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Based  on  population  estimate  when  available  (program  does  not  provide  an  estimate  when  fewer  than  2 fish  are  collected). 


Tab  1 e A — 1 2 . — Fish  population  analysis  results  for  1982,  Tabor  Creek,  Nevada  (sampled  08/09/82). 
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APPENDIX  7 


Annual  Trout  Length-Frequency  Distributions 


This  appendix  contains  length  frequency  distributions  of  rainbow  trout  by 
study  site  for  1979,  1980,  and  1982;  1981  was  omitted  because  of  the  large 
number  of  fish  collected  and  the  need  to  draw  these  plots  by  hand  to  separate 
hatchery  stock  from  total  stock. 
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NUMBER  NUMBER  NUMBER 


10 
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10 


1979  rainbow  trout  length-frequency  distribution,  Tabor  Creek,  Nevada. 
Order  is  site  1 (top)  through  site  5 (bottom) . 
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NUMBER  NUMBER  NUMBER 


10  


LENGTH  (mm) 

1980  rainbow  trout  length- frequency  distributions,  Tabor  Creek,  Nevada. 
Order  is  site  1 (top)  through  site  5 (bottom) ; shaded  areas  indicate 
hatchery  stock. 
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APPENDIX  8 


Stream  Channel  Cross-Sections,  1979 


This  appendix  contains  the  stream  channel  cross  sections  resulting  from 
the  08/13/79  hydrologic  survey. 
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Transect  152 
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Transect  154 
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